CHAPTER 11

HISTORICAL

1. Botanical Generalities

Strychnos is a member 0f the Fa ‘&eae. This genus is pantropical

in distribution, comprising. 20 s - ’ ' can be classified into three

Strychnos with 75 species
(Leeuwenberg, 1969), A

44 species. Members in

~ es and Asian Strychnos with

x\ separated. Only Strychnos

d'into 12 sections (Scheme 1)

potatorum belongs to bo

Botanically, Stryéhng
based on combination of sugh fgatures -as 4

the indumentum on the inner P';; G w

f the corolla tube, the nature of
a, the arrangement of the tendrils,
the shape and ind mgn h sértion of the stamens and
indumentum of the pistils (Leeuwenbe i ership of this species are

summarized in Table ZE I
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2. Chemical constituents of plants in genus Strychnos

Members of the genus Strychnos have proven to be rich sources of indole
alkaloids. Phytochemical studies on this species indicated that they contain varieties
of other chemical constituents such as steroids, benzenoids, lignans, iridoids and

miscellaneous compounds.

The majority of compound ¥ Si e are alkaloids, most of which
are terpenoid indole bases.whick din tv \'" -elements in the molecule: a B-
carboline moiety arising fOmArypis ineland a C o ‘ 10 monoterpenoid unit derived
from secologanin. Acco &' i “: structural teristics of their skeletons,
Kisakurek and Hesse ¢ agragged the lterpenoi o alkaloids into 8 types as
shown in Scheme 2 (Iiss K ar SSe, 1980), They are corynanthean-(C-) ,
‘ (V) -st¥ehna '+(59), and aspidospermantan -(A-)
types with a nonrearran secologanin: iety, together with eburnan -(E-),

plumeran-(P-) and ibogan -(J-

carranged secologanin moiety. In
g

addition, combinatior ,-,,-' wee e lor different indole alkaloid
types would generate -", e bisindole O ‘ 1986).

The indole alk@io trychnos species cm@e of 5 alkaloid types: C-
,D-,V-,S- and A-types. Tl;e Bajority of thesegalkaloids belong to the S-type.

AUEINYNINYINT

The terpéroid indole alkaloxds found in Strychnos species can be organized

“‘“’m:rW'rmnm UANINYIA Y
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Aspidospe tan

ﬁﬁ"mwﬂmwmﬁf

Plumeran Ibogan

(P-type) (J-type)

Scheme 2. The indole alkaloid structural types
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Monomeric alkaloids

1. Corynanthean-(C-) type
1.1 Corynantheine group eg. geissoschizine, 16 (R) -isositsirikine
1.2 Ajmalicine group eg. alstonine, serpentine
1.3 Yohimbine group eg. decarbomethoxydihydrogambirtannine
1.4 Sarpagine group eg. macusine B, normacusine B
1.5 Mavacurine group eg. mavacurine, C-fluorocurine

1.6 Akagerine group eg. aka 77(2, kribine
SN

2. Vincosan -(D-) type. //{/‘4
2.1 Strictosidi _..k,ﬂ-é..‘ h@'—,' i

2.2 Decussine gro

3. Vallesiachotdma
3.1 Antirhing/@
3.2 Angustine gro

P23

# A A LA
4. Strychnan -(S-) tyg e
4.2 Rosibiline group 6g. rosibiling
43 Dia' -—— -------- e, Wi “;‘a ch aldehyde
4.4 Tsilanine group .

4.5 Strychnosilidine group eg. strychnosilidine, alviminine

M ah iRt e timi e e
W ey

4.10 Holstiine group eg. holstiine

4.11 Icajine group eg. icajine

Aspidospermantan -(A-) type

Condylocarpine group eg. condylocarpine, tubotaiwine

16
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II. Dimeric alkaloids

1. Quasi dimeric alkaloids (Corynanthean type with an additional f3-carboline
unit)
1.1 Usambarensine grop eg. usambarensine,tchibangensine
1.2 Strychnofoline group eg. strychnofoline, strychnophylline

2.1 Retuline-corynantheine g icaudatine Y
2.2 Diaboline-corynanthe ne g icaudatine

3.3 Isostrycini
‘ 1l
3.4 Diaboling:Isostrychnine group eg. strychn \gucine A, strychnogucine B

e NN NN

eg anussine A, strellujlmme

AR AN INENAY

rmation on Strychnos alkaloids is summarized in Table 3.
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Monomeric alkaloids

1. Corynanthean type

1.1 Corynantheine group

" : { Ry R3
10-Hydroxy-Ny-methyl- =M H OH | Ny-Me
SofynamtEnl |
2,7-Dihydroapog i ; 1 H H A 19,20;

. - - 2.7
i - — dihydro
9-Methoxy- b-methy CH,-CH,OH OMe | H A 19,20;
‘ g ; Nb-Me
gexssochlzom g 2 -
9-Methoxygeiss TTUOMe [H | A 1920
‘ izine. n o ﬁ ﬁ ﬂ A 19,20
Gexssacmzal CH,-CHO TH |[H [A1920
Geissochizine C(COCH;)=CHOH |H |H |A19,20
Geissochizol CHyCH,OH |H |[H |A 19,20
Melinonine B | CH,-CH,OH “tH |H A 18,19;
: - Nb-Me
Normelinonine B CH,-CH,OH H H A 18,19
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(16R)-Is0sitosiriking .«
16 - Epidiplocerific "

Diplocerine

Strychnorubigine ‘
(9-MethoxyisositZirikine

1.2 Ajmalicine group

¥

’ o
AuEININTAHGINS
RIaN NN

Alstonine H-20 =a
Serpentine H-20 =8




1.3 Yohimbine group

1.4 Sarpagine group

17
Macusine B = :
O-Methyldihy ymacusine B ~ Me , 19,20-dihydro
O-Methylm ;
Normagusi

ARIAINTAUNNY TN
X

| Erichsonine |




1.5 Mavacurine group

N\

\\/
curinG v

| 74

R, R,
Akagerine H H
10-Hydroxyakagerine OH H
10-Hydroxy-17-O-methyakagerine OH Me
17-O-Methylakagerine H Me
17-O-Ethylakagerine H Et
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Kribine

21-O-Methylkribifiges, OMe

%a-ﬁzﬂ;ﬂmmm N m q ?Me i)

10-H drox

&DH

-21-epi-O-methylkribine OMe/ H




2. Vincosan type

2.1 Strictosidine group

R,

Desoxycordif / / ?E \\ H A3, A
Dolichantost II / E ’\ ‘}N!\ CH; | C3-aH
3456Tetrad (rod L-' 3 CH3 C3-(1.H

A®, A’
Isodolichantoside | h# _[\\\ H: |CH; | C,-BH
Palicoside : ‘ Hs; |{H Cs-aH
3,4,5,6- Tetradehydr al H Cs-aH

AR
Strictosi ding ‘ | CH; | C5-aH

-
.,,l
i

2.2 Decussine group ¢

AUV :

Decussine R=H

3,14-Dihydrodecussine R =H, 3,14-dihydro

10-Hydro-3, 14-dihydrodecussine R = OH, 3,14-dihydro




Ia ] L
amplofieiine

3. Vallesiachotama

3.1 Antirhine group

62



3.2 Angustine group

Angustine
Angustidine

Angustoline

Malindi L oTrl
Isomalinme P

AR AN T N INTTAE
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4. Strychnan type

4.1 Akuammicine group

| Rq Rs
Retuline H H
ll-Methoxyretuli \ H  (H H
O-Acetylretuline l,' g“ II\“\*FL& / H H
N , —Deacetylretuline S ENET AN C TR H
N-Oxyretuline ry. ’ wie ‘\\'\m OH |H H
Retulinal FAede 1@ N'Cio |H H
12-Hydroxyretulinal -M_ H | H H
Isoretuline ' CH,OH |H
18- Hydroxyisoretuline CH,OH | OH
ll-Methoxyisoretuline CH,OH |H
O- Acetyllsoretuh = T CH,OAc |H
N, —Deacetylisoretulime CH,OH |H
N,-Deacety-18- CH,OH |OH
hydroxyisoretuline ‘
\ H.. T | CH,OAc | OH
' CH,OH | OAc
e/
4l
H
16-Hy : roxylsoretulmal OH CHO H
Tsilanimbine H H CH,OH |H
10-OMe
18-Deoxy Wieland — H H CHO H
Gumlich aldehyde
(Nordihydrofluoro-
curarine)
Strychnopivotine Ac 0 H




Fluorocurarine A
Nor-C-fluorocuraiiii@e

st Ch

Rosibiline H-168
Isorosibiline : H-l6a
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4.3 Diaboline group

: M R: | Ry | Rs | Rg
Diaboline ", H H [OH | H
3-Hydroxydiaboline ' A VAc SO H H | OH | H
11-Methoxydiaboline \ Me | H OH H
12-Hydroxy -11-mett i ' JMEY 2N |OMe | OH | OH | H
17-Epi-O-methyl-11-m iabolin A Me | H H | OMe
2,16-Dehydrodiaboli e (CRANASR™H | H |OH| H
11-Methoxy-2,16-dehydgodi ne 257 € OMe | H OH H
Jobertime el it H H H | OAc
(O-Acetyldizholine A) A -
Henningsamine == H H |OAc| H
(O-Acetyldiaboline B) LI A
11-Methoxy-hennin; i GMe| H [ OAc| H
12-Hydroxy-11-me
Henningsoline OH H OH
O-Acetyl-henningsoli OH H OH
Wieland-Gumlich-aldehyde H OH H
11-Methoxy Wel + H OH H
aldehyde
17-O-Methyl-1 Iimethoxy Wieland- H [OMe| H
Gumlich-aldehyde ¢ o

| Alviminine |




4.4 Tsilanine group

Tsilanine - , Me
O-Demeuilafine /L. 6 |H
10-M¢é ahine VNS M
oMy A WG | M
10-Methoxy* O f"'W“" sila OMe |H

AR

4.5 Strychnosilidine group A%
A

)

o

Strychnosilidine R=Ac

Tabascanine R=H
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MeO.

MeO

Il“

CH3

H3
=<2 2 Rs Ry Rs [ Rs
Spermostryhnine PN H H H H |H
12-Hydroxy-11- p L1 {OMe | OH | H
methoxyspermost il
23-Hydroxysperm H H H |H
23-Hydroxyspermostrychnin iH {H H {H
oxide N by -O
19-Epi-23- ﬁ 15 H H |H
hydroxyspeﬁ um e ?W f
17, 23-Hydroxyspermostrychmne ¢| COCH,0 H H | OH
v iees Lott Soe
N,- Acetylstrychnosplendine Ac OH |H H H IH
N,- Acetyl-12-hydroxy-11- Ac OH |H OMe |H |H
methoxysterylstrychnosplendine I |
O-Methy- N,- Ac OMe | H H H |H
acetylstrychnossplendine
Splendoline COCH,OH {OH |H H H: 1H
N,-Acetyl-13-deoxy- Ac H H H H |H

isostrychnosplendine




Iso

1

Giis

19, Zogihydro

19, 20—Dm§'droisostrychnine P

"

9

-1¢

PR
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4 8 Strychnine group

70

%, N
R} =
ok B
R: N H ;4 l
R { ’
Strychnine H H H
Strychnine-N-oxide T2 % wt H H H
' b
10-Hydroxystrychni { > H H
12-Hydroxystrychnine | 4 . OH |H
Hydroxystrychnine) 7Y # 0
12-Hydroxystrychni =~ OH |H
jr‘l ‘ N b'o
15-Hydroxystrychnine 73 H H OH
Np-Methylstrychnine — 'H H H H
A2 N®'-Me
10-Hydroxy-11- e H H
12-Hydroxy-11-m e OH |H
12-Hydroxy-11-m e OH |H
Y0
Brucine 4 OMe | OMe H H
Bucine-N-oxﬁ q I E I ﬂ-: j 1 E | 1 ] :Uj 'lﬁﬁ @i:ﬁ H |H
a-Colubrine'qT! ' e H H
3 Colubrine ¢ aVe |[H oiH H
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{Ry |Rs |Rs
Pseudostrychnine H H H
Pseudobrucine (3-hydroxybr OMe | OMe | H
3-Hydroxy-o. e -7"1:::'.‘;m H H
3-Hydroxy-{ €610 E% OMe | H
3-Ethoxystryehnine” ", | . Et H H
3-MethoxysiryChaifi r"///lﬁ‘a\m. .:fs... H |H
4.9 Strychnobrasiline ggéup
¢ o a bR R, 19-Me | 20-H
| Isosplendin QN = | 5 B o (o4
s o s NI MY 15 1
1l-Methoxys]%rchnofendlerme OMe! H o B o
UARTINEARE |-
-Dchetylstryc nofendlerme H H |[p a
N,-Deacetyl
Strychnobrasiline H 1H B A2
10-Methoxystrychnobrasiline H OMe A el
(C-11)
10,11-Dimethoxystryhnobrasiline OMe OMe Jij A
(C-10) (C-11)
12-Hydroxy-1 1-methoxystrychnobrasiline | OMe OH Yij e




4.10 Holstiine group

2 | S
o ’77‘ N&h

Rudlfid/ 1 [ Me. | .OMe
A

4.11 Icajine group

R; R4
~H H
PEENE
I H'U’g OH
: ajine | ﬁ - H
: ydoxy-ll methoxyicajine H OMe |OH |H
Vomicine H B OH 1H
Novacine OMe [OMe |H H
14-Hydroxynovacine OMe [OMe |H OH
N-Methyl-sec- pseudo-/3 -colubrine OMe | H H H




R3 R4
19,20a-Epoxy-10-methoxyic H H
19,20a-Epoxy-12-methoxyicajin 'H |H |OMe |H
19 200L-Epoxy-12-hy . T.,::‘::- Ixyicaj : OMe |OH |H

19,200-Epoxy-15-m | OMe | OMe

19,200-Epoxy-10 ﬂ‘\‘\\\\ e [OMe [H H

19,200-Epoxy-11,12% ig} @ﬂ\\\ | g z;«QMe, |OMe |H

19,20a-Epoxy-15- OMe |H OH

dimethoxyicajine

19,200-Epoxy-12,15-di - |OMe |OH |OH

methoxyicajine -~
19,20a-Epoxy-15- hydroxyl -:'--"-7'7-‘,' | H H OH
19,20a-Epoxyvomicine <= : - |OMe |OH |H

19,200-Epoxy-134h: i@ [OMe |OH |OH

19,20a-Epoxyn & m—

OH |H
H OH |OH

19,200-Epoxy-15-hydrox
J

ﬂUEJT
’QW?&NH?

R; R;
N-Cyano-sec-pseudostrychine H H
N-Cyano-sec-pseudobrucine OMe OMe
N-Cyano-sec-pseudocolubrine OMe H




5. Aspidospermatan type

6. Miscellaneous gro

ﬂﬂﬂ?ﬂﬂﬂﬁ TS
(Isobrafoued
ARIAIN TN

TATINUAY

| 6, 7-Dihydroflavoperirine |
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Tetrahydrostryi

s pY,ltI sfa L B o am  w
' ‘ I s gt i‘
‘ " L] ] L

AN TUNNINGA Y

75



Dimeric alkaloids

1. Quasi-dimeric alkaloids

1.1 Usambarensine group

Usambarensine

Ny-Methylusambarensine. =

. T
Tchibangensine |§-“_- Dihydiousaimbatensine) | i
Tetrahydrousambar 7!

e
v} |
<3 3
4

BLEG

b 48 6’-dihydro

1 0'-Hydroxy-tetrahdrgusambarénsirié

lOIOmuﬂcﬂmﬁﬂﬂ %w

10,10’-Dimethoxy-N,-methyl-

tetrahydrousambarensine

K UMDRIRIDEY e

10-Hydroxy-10’-methoxy-Ny-methyl-

tetrahydrousambarensine

= 13,17,5,¢'-

tetrahydro

10’-Hydroxyusambarensine

76
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1.2 Strychnofoline group

I r trﬁr
2. Strychnan- Corynanthean ;&

Ve
2.1 Retuline- Coryn I

ﬂ‘IJEl’JVIEWI’B'WEﬂﬂ’i

AN TR,

78
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Longlcaudatme F

(1 8-Hydroxylonglca )’m\

7 ongicaudatine

LLET I/ LT e \N{' T

a5 Tetrahydzé

Longlcaudatmez y m %\ 1 16' 17 .dl h:Ydm_ L

f‘r‘b _"7:;7

QW]NHT N8y




2.2 Diaboline-Corynantheine group

=)

,4_,

AT

ﬂumw TGN
ammﬂmw’n A Y

Guiaflavine
5, 6" Deh)’drogulaﬂavme
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3. Strychnan-Strychnan type

3.1 Retuline-Retuline group

Bisnor-C-alkaloid
mono — N - oxide
] r-C lkaloxd { di- .

C-Alkaloid K
(C-Dihydrotoxiferine)

NoMe, No-Me

Bisnordihydrotoxiferine

‘mono-N-oxide

Bisnordihydrotoxiferine | Ny-O

82



Py
1S

&2

C-Calebassine | H = H
C-Alkaloid F . o o OH :

C-Alkaloid A on O




'I;| oo
AULINERS

NB&IN3

u -
: 1 10 | G322 | C-16"
ch in ot o’
mdlcated
12'-Hydroxystrychnobiline | OH | :
Isostrychnobiline H B-H a-H |o-H
12’-Hydroxyisostrychnobiline =~ |OH {-H  |o-H |o-H
16, 17-Dehydroisostrychnobiline H |16,17- a-H | o-H

dehedro




3.2 Diaboline-Diaboline group

=~

“Caracurine 1l_#"

" N
UL

S

et/ ||
Caracurine 11 diffie ill ‘ -.\‘

UNINY
ANEINY

79

Caracurine V mono-N-oxide

NO

Caracurine V di-N-oxide

85



3.3 Isostrychnine-Isostrychnine group

O \.,

CHzR

2 / 17
02 -
‘|4 H

| Strychnogucine A |




4. Miscellaneous
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89
Biosynthesis of Indole Alkaloids

The structures of indole alkaloids were typically derived from the condensation
between the nitrogen containing moiety, tryptamine and a C-9 or C-10
monoterpenoid moiety, secologanin or other modified secologanin unit (Kompis,
Hesse and Schmidt, 1971).

The biogenesis of indolesalkaloids involved two important pathways, one of
which lead to the non-terp -,__‘_h% ety and er lead to the terpenoid moiety. In

ﬁle process of indole alkaloid
biosynthesis, many we . ng the cell-free system (Scott

order to gain more i

and Lee 1975; Zenk,

1) The non-terpenoid-Moicty— —
) Y Y]

The non-terpe‘mid moiety of the indole alkaloids originated from an amino

. ‘. : : g, e
acid, L-tryptcma 1§mﬂn§mwﬂe, which is the more
direct biogen h’ or“(Ba ! P , 1969). The enzyme, L-
tryptophan decarboxylase was inflicated to in¥elve in the biddynthesis of indole

aio Gkl T Gl 517 VI 21

CO2H
|
m L-Tryptophan I

H i N NHp
decarboxylase H

L-Tryptophan

Scheme 3 Formation of tryptamine



2) The terpenoid moiety

The terpenoid moiety of indole alkaloids was proved to be the C-9 or C-10
monoterpene (Kompia ef al., 1971). The possible biosynthetic relationship between
the monoterpenes and the indole alkaloids was first postulated by Thomas (1961) and
Wenkert (Wenkert and Wickberg, 1965). The result demonstrated thaat secologanin

was a sole direct precursor for the monoterpenoid moiety. Loganin was established as

a key precursor of secologanin. T} he biosynthesis of loganin have proved
that its C-10 skeleton den : geraniol or its cis-isomer, nerol
(Battersby et al., 1968).. . Mevaloiic a¢ @le for the formation of geraniol

which could be establi System (Battersby er al., 1968).

volved unknown sequences
including the oxidation fCOLand €40 1 me aps and the oxidation of the C-
1 position to the aldel¥di g e-saft atio yclopentane ring (Battersby,

The hydroxylaiod at € I' orm 10-hydroxy geraniol and 10-hydroxy

nerol might be the prima pebeyond - miol stage (Battersby e al., 1970).

The following stages are proc ‘-r 1e oxidation of the hydroxyl groups at

C-1 and C-10 and also the “clo g in a trialdehyde functions  which

after cyclization g Ffmm*mw" ¥ d the cyclopentane units,

1970). The intermediate of

gﬂin as well as indole alkaloids

is well docum ﬁa f floganin directly gives

rise to its co@ ﬁﬁﬁ m he overall view of the
biosynthetic pathway to seco%gamrﬁs accommodated in Scheme 4/

ARIaNT ElJil'ﬂ'TW]EﬂaEl

loganin and 7-deoxy

deoxyloganin inthe b synthetic process leading to lo



N

,CH

| “ :on
HOHyC Mevalonic acid

COOH

Geraniol (Exis6Ten /| 10Hydroxy geraniol (E-isomer)

Nerol (Zailmat] 44/ | ldroxy nerol (Z-isomer)

H 3COy

AU pwgmswmm
ARIREIUAM AN

Scheme 4 The conversion pathway of geraniol and nerol to loganin and secologanin
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3) The Key Role Intermediate "strictosidine"

The condensation of tryptamine with secologanin was demonstrated by
Battersby ef al. (1969) (Scheme 6). The reaction resulted in the formation of two
epimeric B-carboline gluco-alkaloids; strictosidine (isovincoside ) with 3a~(S)
configuration and vincoside with 3B-(R) configuration. Recent works (Stockigt, 1980;
Zenk, 1980) have defined strictosidine but not vincoside as being the true precursor
7 - € 5). The crucial enzyme catalysing
Stocklgt and Zenk, 1977).

Strictosidine ?r ¥ wl precursur of monoterpenoid

indole alkaloids. noid indole alkaloids and their

of the various types of indole

the condensation was nam

relationships with strictosi

S ‘éf;.l ,‘

ol i

Biosynthesis of Strychnosalkaloids =
oy
Like other terpénoi mdﬁk alkaloids, iogenetic pathway of Strychnos
alkaloids is starting from fryp Amae uL olé ganin. The typical route of the alkaloid

biosynthesis in this genus..h@:f' icate eimberger and Scott (1973). The

overall pathway. .-- as__proceeded via _strictosidin geissochizine, dehydro-

preakuammicine

Cordell, 1974)

Most o the mcﬁl@ulk oid %Jw es species belong to the
corynanthe sis cglﬂif;tﬁne 7, the bases of the
corynanthean pes are mamly ¢derived from, 4,21 dehydregeissoschizine. This

comPal Y@1Y B bt b ) s biosymonesis o

ibogan{] aspidospermatan-and strychnan-types alkaloids (Scheme 8).

;.t iland-( (H€imberger and Scott, 1973;

The C-mavacurine-group alkaloid of the corynanthean type are postulated to be
derived from 4,21 dehydrogeissoschizine via geissoschizine by ring closure between
C-16 and N, (Cordell, 1974) while those of the sarpagine groups are presumed to
proginate more directly from 4,21 dehydrogeissoschizine (Cordell, 1974). However
more information is still required for detail explanation of Cg-Cjs bridge formation in

the biosynthesis of these sarpagine derivatives (Scheme 8).



MeOC

Strictosidine
(Isovincoside)

Y]

1
Scheme 5 Formation of strictosidine from tryptaminé™and secologanin

AU INENTNEINS
ARIAIN TN TN
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Scheme 6 Strictosidine as a key role intermediate in indole alkaloids
biosynthesis



NH
—_— H
H CHO
MeO,C
Strictosidine Intermediate
. Strychnohirsutine
Dolichanthoside. . Akagerine, Kribine
Angustine - Antirhine
S. decussaia-gh
o
4,21 Dehydrogeisso dro-preakuammicine .
Diploceline ik 2 ondylocarpine
Strychnorubigine =
Mavacurine

Nor-macusine B
Alstonine | .+
+1 Tryptam'
B ]
N
——
“ CHO Cl
A RIANDIRBHURTINELLA:
q Nor-C-fluorocurarine Wieland-Gumlich aldehyde
R =Hor OH R =H or OH
C-Fluorocurarine Dimeric bases
2,16-Dehydrodiaboline (18-Dehydroxy-)
Isoretuline/Retuline
Spermostrychnine
Tsilanine
Diaboline
Strychnine

Scheme 7  Presumed central biosynthetic pathway indole alkaloid in Strychnos



wmm"lﬁutl?ﬂﬂﬂﬁﬂ 1)

.(Aspxdospcrmatan type)

QW']Mﬂ‘iflJlHﬂﬂﬂﬂ

StxychnineH
(Strychnan-type)

Scheme 8 4,21-Dehydrogeissochizine as the key intermediate in Strychnos
alkaloids biosynthesis
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In the biosynthetic of Strychnan type alkaloids, dehydro-preakuammicine is

presumed to be the next intermediate after 4,21 dehydrogeissoschizine. Loss of the
carbomethoxy group from this base could afford the following intermediate, nor-C-
fluorocurarine which can be recognized as the starting point for a rather complicated
grid of the strychnan-type biosynthesis. Schemes 9-11 demonstrate the biosynthetic
routes through which the alkaloids of the six groups belonging to the strychnan type are

formed, Scheme 9 is for those of the retuline group, Scheme 10 for those of the

Several biogenc¢ £37on the. formation trychnine and its derivatives
have been carried out: ch aldehyde is a precursor of
these bases but its ot. Heimberger and Scott have

proposed the existancgdof med prestrychnine which can

i ﬂ\ ord strychnine (Heimberger and
; N, port \ Oy the isolation of protostrychnine,

hypothesis the final stage on; bi08) stic pathway to strychnine could be

undergo lactamization afd #
Scott, 1973). Their hypotfi€sis

considerable as a partly cyg seestrychaine ( et al., 1979). According to this
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Hydroxylation

ou
18-Hydroxy-nor-C-fluorocurarine:

l Reduction

18 Dehydroxy-Weiland-Gumlic
(2,16-Dihydro-nor-C-fluoroc

Reduction l

o
N ’1 QN tll,‘i;]d..}f

{18-tiydroxyretuline]. OH

Scheme 9 Alkaloids derived from Nor-C-fluocurarine
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O-Demethyltsilanine

Scheme 10 i ute Of sp - ' and tsilanine groups

OH -

18-Hydroxy-nor-C-fluoroc il

2,16-Dehydrodiaboline Wieland-Gumlich aldehyde sostrychni
(closed form) : e

Scheme 11  Biogenetic route of isostrychnine and strychnine groups
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18-Hydroxy-nor-C- ﬂ

X
/]
- |
w0
" H H \
(open form) i

ﬂhﬂ?ﬂﬂﬂﬁ*ﬂ%ﬂi

Wieland-Gumlich aldehyde i i
(closed form) Boskychnine

Scheme 12 Final stage in the biogenesis of strychnine
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Pharmacological activities of Strychnos alkaloids

Although convulsant and muscle relaxant activities are the two more thoroughly
investigated properties of the Strychnos alkaloids, a number of other pharmacological
effects such as antimicrobial, antimalarial and cytotoxic activities have been found.

Convulsant effects may produce either clonic or tonic convulsion. Clonic

ntraction and relaxation of the muscle,
whereas in tonic convulsion, a sustained e muscle is observed. Convulsant
activity is due to an antagon - _-:' C gl@portant inhibitory transmitter in
the spinal cord. This feads tos€ahanced reflex responses and, in larger doses, tonic
convulsion which mayre death b enerally, alkaloids having the
strychnine skeleton po Jsa 7— 0 \\\ \
compounds, including gi€mpers’ of \1\\\ \ nd calebassine groups, have a
' i . wenomenological term describing neuro-
ssion of T »\ °nd plate as a result of inhibition of
acetylcholine. The result i mplete paralysis of the skeletal or striated muscle
apparatus (Ohiri ef al., 19834), “22 <
The Strychnos alkaleids and ' i
Table 4.

aternary dimeric nitrogenous

curarizing action. C

muscular block of impulse

acological activities were shown in

¥

;
ﬂﬂﬂ’mﬂﬂ‘iwmﬂ‘ﬁ
Qﬁﬂﬂ\ﬂﬂ‘im UANAINYIA Y



Table 4 Pharmacological activity of Strychnos alkaloids
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Pharmacological | Compound References
activity
Antimicrobial | Bisnor-C-alkaloid H Verpoorte et al., 1978b
activity ~
Bisnordi Melo et al., 1987
Bisnordi oxide | Verpoorte et al., 1978b
Car — Verpoorte et al., 1978b
Car. ne i-N-oxi Verpoorte et al., 1978b
1 ' Thepenier et al., 1990a
_ Verpoorte et al., 1983a
y* Caron et al., 1988
tr ) Caron et al., 1988
es Caron et al., 1988
- g‘ £ Caron et al., 1988
u Inegz2s
. yethoxy- - Caron et al., 1988
te ousantl e
10,10#Dimetioxytel Caron ef al., 1988
usambare
10-H ¥ -methyl- | Caron ef al., 1988
Cytotoxic e "I Leclerq ez al., 1986
activity -
Alstonin .. |Ohirieral,1983a
 Dolichantoside Leclerq et al., 1986
i hiri et al., 1983a
ﬂ q:ﬂ%clerq etal., 1986
LY Leclerq et al., 1986
Nb-Methyl 10¢hydroxyusambarine Leclm et al., 1986
l d
3 W ARTE £
9 Serpentine Ohiri et al 1983a
Strychnofoline Leclerq et al., 1986
Strychnopentamine Leclerq et al., 1986
Strychnophylline Leclerq et al., 1986
Tchibangensine Leclerq et al., 1986
Usambarensine Leclerq et al., 1986
Usambarine Leclerq et al., 1986
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Pharmacological activity | Compound

References

Convulsant activity Akagerine Rolfsen et al., 1978
Brucine Ohiri et al., 1983a
Icajine Ohiri et al., 1983a
Pseudostrychnine Ohiri et al., 1983a
Strychnine Ohiri et al., 1983a
Strychnine-N-oxide Ohiri et al., 1983a

Vomicin

Ohiri et al., 1983a

) uby F

Ohiri et al., 1983a

B Gl t “fff/

Ohiri ef al., 1983a

= -'T-ﬁ, dro “’..1-'

| M lak i e LAC

Rolfsen et al., 1980b

I‘"P .- —

ﬂ’f&%?f"“

Rolfsen et al., 1980b

Rolfsen et al., 1980b

[ 12 HydroRysirychnine

Ouiri et al., 1983a

| Rolfsen et al., 1978

/wm@ Viakagetine
| 19,20 Didrostrychoin

Oniri ef al., 1983a

Skelatal muscle relaxar

| Verpoorte et al., 1983b

Ohiri et al., 1983a

Ohiri et al., 1983a

Rolfsen et al., 1980c

Rolfsen er al., 1981

Q

o i "
D i

Dlaniyi et al., 1980

1 Rolfsen et al., 1980a

| Ohiri et al., 1983a

Goodnetilleke ef al., 1980

Ohiri et al., 1983a

strynosplendine

[ - Bisnordihydﬂoxiferine
LR
QRIANN

C : o
ara‘;urmeV 1-V- 'ﬁo.mde
. T.

¥

-Dihydrotoxiferine

rte and Baerheim-

vendson, 1978
/s

L
bi @ﬁ[ma
hiri ef al., 1983a

C-Alkaloid H

Ohiri et al., 1983a

C-Curarine

Ohiri et al., 1983a

(C-Alkaloid E

Ohiri et al., 1983a

C-Alkaloid G

Ohiri ef al., 1983a

C-Alkaloid A

Ohiri et al., 1983a

C-Alkaloid F

Ohiri et al., 1983a

C-Calebassine

Ohiri et al., 1983a

Afrocurarine

Ohiri et al., 1983a
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Pharmacological activity

Compound

References

Antimalarial activity

Hypotensive activity

10’-Hydroxyusambarensine

Frederich et al., 1999b

10-Hydroxyusambarine

Frederich et al., 1999a

1 I-Hydroxyusambarine

Frederich et al., 1999a

18-Hydroxyisosangucine

Frederich et al., 2000

Bisnordihydrotoxiferine

Frederich et al., 2000

Dih nsine

Frederich ef al., 1999a

Frederich ef al., 1999a

Frederich et al., 2000

Frederich et al., 1999a

Rasoanaivo et al., 1994

Frederich et al., 2001

Frederich ef al., 2001

Frederich er al., 1999a

Frederich et al., 1999a

Frederich et al., 1999a

Frederich et al., 1999a

Ohiri et al., 1983a

Singh and Kapoor, 1976

Leonard, 1968

Ohiri et al., 1983a

Ohiri et al., 1983a

Anti-inflammatory
activity '

7

0

Tits et al., 1991

| Tits et al., 1991
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2.2 Lignans

By definition, lignan are dimers of phenylpropanoid (Cg¢-C3) units linked by
the central carbons of their side chains. It is assumed that lignan biosynthesis
involves the combination of two phenylpropanoid units by oxidative coupling.
Lignan are widely distributed in the plant kingdom. They have been identified in
species belonging to seventy families, many of them used in folk medicine. Lignans
have been isolated from all nis. They are important constituents in
heartwood of gymnosperm ' ; the bark and resin may be good

sources of lignans. Re s have ﬁted in mammalians, including

microflora of the gut

podophyllotoxin type otic, antiviral, cathartic and
allergenic activities, as ects, toxicity to fishes and
mammalians and are also ' ucléic acid metabolism. Other lignans,
belonging to debenzylbutyrol Sfuranic types, are active as cAMP-
phosphodiestestemsi ibitors: “Fhe 2 s of li ans on the human central
nervous system, o : -#:Y”“"‘“"""“"T‘i’:f‘f“,f"..r‘.‘?‘".f_"f“';:: ave also been studied. At the

ecological level therj' ¢

and plant-insect interdCtions (Massanet et al., 1989). EXa ples of lignans possessing

¢
some biologi ivities, ‘ . 4)
Antila:uﬁiﬁ ﬂfjﬂmﬂjﬁ( Itatin, B-peltatin,
e ili)do hyllotoxi#) , nordihydrogadiaretic acid
AN SERTITIIEN R Y

Xntimicrobial activity : nor- isoguaiacin, (-)dihydroguaiaretic acid

Cathartic activity : podophyllotoxin derivatives, 2-hydroxyarctiin

Allergenicity : plicatic acid

Piscicidal activity : justicidin A and B, diphyllin

Antioxidant activity  : (-)-matairesinol, (-)-nortrachelogenin (Tiwari, 1999)
: saururin A, machilin D (Ahn, 2001)



Antifungal activity  : oleiferin-G, verrucosin (Sartorelli, Young and Kato,
1998)

-' OCH3
AX

ethyisolariciresinol-9'-xyloside

i¥

CH3

Nor-isoguaiacin Dihydroguaiaretic acid
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The information obtained from phytochemical studies of Strychnos species has

suggested the rare occurrence of lignans in the genus. Only three Strychnos species
have been reported as sources of lignans. The information on lignans of the genus

Strychnos are summarized in Table 5.

Table 5 Lignans of Strychnos species

Lignan Strychnos species Plant part References
Lirioresinol A Strychnos dinklag % Stem bark Michel et al.,1986
Lirioresinol B . dinkl : SO /Ll bark | Michel er al.,1986
Lyoniresinol ol 5 Ste Sukhakul, 1994
: "“"-, . Vejjajiva, 1996

Lyoniresinol 3-O-
\\\
B-glucopyranoside }

Vejjajiva, 1996

CH30, OH

CHjy

Lyoniresinol Lyoniresinol 3-O-B-glucopyranoside
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